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Analysis of the glutathione S-transferase activity from the
hepatic cytosol of untreated, 3-methylcholanthrene (MC),
butylated hydroxy anisole (BHA), and BHA + MC-treated female
Sprague-Dawley rats revealed that the inducers differentially
stimulated this activity (when the substrates CDNB and DCNB
were used), and the kinetics of the conjugation reaction
were also affected.
Partial purification of the cytosolic glutathione S-transferase
was achieved primarily by DEAE and CM-cellulose chromatography
using a step gradient of 0, 50, 100, 150mM KCl. The results showed
similar chromatrographic profiles that contained one protein peak
at 50mM KCl that exhibited glutathione S-transferase activity using
CDNB as the substrate. Further analysis of the protein peaks of
each group revealed that the BHA and BHA + MC treatment group
causes substantial increases in the protein that migrated at the
reputed molecular weight of the transferase. The results suggest
that BHA induces a different form of the transferase than the one
induced by MC and also that BHA induces more transferase than the
MC or untreated groups.
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Many pathological conditions such as cancer are caused by
exposure to toxic agents present in the environment, such as drugs,
cigarette smoke, pesticides, or other contaminants. Consequently, it
is necessary that both the toxic effects and metabolism of these
compounds be clearly understood. Most foreign compounds undergo
either one or more chemical transformations in the body, including
oxidations, reductions, hydrolyses and syntheses (conjugation). In
many instances, biotransformations of xenobiotic compounds result in
less toxic products. These biotransformations are catalyzed by
numerous enzymes that are classified as either Phase I or Phase II
enzymes (Boyland and Chasseaud, 1969).
Most xenobiotics are fat-soluble and would remain in the body
indefinitely were it not for the biotransformation reactions that
result in more water-soluble derivatives. The enzyme systems respon¬
sible for xenobiotic metabolism. Phase I and Phase II are located
principally within the liver (but are most likely present to some
degree in all tissues of the body) (Pelkonen and Nebert, 1982).
During Phase I metabolism, one or more water-soluble groups are
introduced into the fat-soluble parent molecule by enzymes such as
cytochrome P450 and epoxide hydrolase, thus allowing a "handle” or a
position for the Phase II conjugating enzymes (glutathione S-trans-
ferases, UDP-glucoronyltransferase) to interact (Goldstein et al.,
1974). Many Phase I products, but especially the conjugated
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Phase II products, are sufficiently water-soluble so that these
chemicals are excreted readily from the body through either the
kidney or bile ducts as conjugates with endogenous substrates such as
glutathione (Boyland and Chasseaud, 1969).
The glutathione S-transferases are a family of multifunctional
proteins involved in detoxification. All detoxification functions of
the transferases are the result of a single feature of these
proteins: their capacity to conjugate an enormous number of
compounds that have a hydrophobic character with the endogenous
substrate, glutathione (Boyland and Chasseaud, 1969; Jakoby, 1978).
These enzymes are capable of catalyzing a very broad spectrum of
reactions. They are widely distributed and are present at high
concentrations in the cytosol of various animal tissues, e.g.
liver, lung, small intestine, and kidney (Jakoby , 1978).
There are at least nine different glutathione S-transferases
that have been identified in cellular extracts in the rat liver
cytosol. Forms AA, A, B, C, D and E are named in the reverse
order of elution from a carboxymethyl cellulose (CM) column (Habig et
al., 1974). Hayes et al. (1979) isolated a transferase that he named
Ligandln after its ability to bind organic anions. Gilham (1973)
discovered and purified the eighth form M because of its ability to
react with menapthyl sulfate. Another enzyme has been purified
and named glutathione S-transferase X (Frey ^ ^., 1983).
Wattenberg (1972) showed that the induction of experimental
tumors in rodents by a variety of chemical carcinogens can be
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prevented by the administration of certain "antioxidants." The
principal compounds butylated hydroxy anisole (BHA), 3-5-di-tert-
butyl-4 hydroxytoluene (BHT), ethoxyquin, and propyl gallate are
used as preservatives in the food industry. The observed
anti-carcinogen effect appears to be a beneficial side effect of
the biotransformation reactions accompanying detoxification of
these compounds. Various theories have been proposed to
explain these effects of antioxidants but as of yet no
definitive mechanism has been established.
In this laboratory, we have begun to investigate whether the
biochemical changes (e.g., increased enzyme levels) induced by anti¬
oxidants are significantly different from the changes induced by




In 1961 glutathione S-transferase (E.C.2.5.1.18) was identified
in rat liver cytosol (Booth ^ , 1961; Combes and Stakelum, 1961)
since then they have been carefully examined. Because of their
principal role in the biotransformation of xenobiotics, this group
of enzymes has attracted attention from scientists of diverse
fields: geneticists, clinicians, pharamacologists, toxicologists and
biochemists.
The family of enzymes called glutathione S-transferases are
considered to be multifunctional in detoxification. They seem to
bind a diverse group of endogenous compounds including bilirubin,
hemin and numerous xenobiotics (Jakoby, 1978; Habig et al., 1974).
They catalyze the conjugation of the sulfhydryl groups of reduced
glutathione to the electrophilic sites of various xenobiotics in an
effort to detoxify them (Habig ^ ^., 1974).
Glutathione S-transferase (GST) levels may be modulated by
various xenobiotics. Klaasen and Plaa (1968) showed that there was
a 3-fold induction of hepatic GST activity in rats pre-treated with
various aromatic hydrocarbons (3-methylcholanthrene and phenobarbi-
tal); however, the degree of induction in this study ranged only
between 10 and 60 percent. Their results indicate that
inductive effects are dose-dependent, vary with the route of
administration, and are selective with regard to different GST
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activities. Baars et al. (1978) showed both the specific activities
and apparent Michaelis-Menten kinetic parameters for glutathione
S-transferase activity in rat liver cytosol. These activities are
specific towards styrene oxide (STOX), 1, 2 butylene oxide (BOX) and
l-choloro-2,4-dinitrobenze (CDNB) as electrophilic substrates before
and after pretreatment with the drug-metabolizing enzyme inducers
phenobarbital (PB), 3-methylcholanthrene (MC) and 2,3,7,8-tetra-
chlorodibenzo-P-dioxin (TCDD). The Km values of the transferase for
non-induced animals were equal for STOX vs. GSH, but they differed by
a factor of 2 for CDNB vs. GSH; further by a factor of 14 for BOX
vs GSH. The rats pre-treated with MC resulted in increased activity
expressed in terms of cytosol protein, while TCDD increased the
activities expressed as per gram body weight. The PB increased both
activities when STOX was employed as substrate, but when CDNB was
used as substrate, only the activity per gram body weight was in¬
creased. The Vmax values for all pre-treatments increased when CDNB
was used as the substrate, while PB and MC had an enhancing effect
using STOX; the Vmax using BOX was increased after TCDD administra¬
tion only.
In contrast to the xenobiotic induction of the GST's, there are
other compounds, the antioxidants, that are capable of inducing these
enzymes. Bensen ^ (1978) reported that GST activity was ele¬
vated in mice treated with the antioxidants BHA and ethoxyquin. These
antioxidants are of special interest, since they are widely used as
preservatives in the diets of both humans and domestic animals.
6
Purification and Properties of the Enzyme
Numerous investigators have both isolated and purified gluta¬
thione S-transferases from tissues of various animal species and most
have noticed differences in susbstrate specificities.
Purification studies of glutathione S-transferase prepared
from rat liver cytosol (Habig ^ , 1974) have shown that activity
is associated with several protein peaks. The enzymes were isolated
from untreated rat liver using ion exchange chromatography (DEAE-
cellulose and CM-cellulose). Four enzymes were identified based on
the reverse order of elution from carboxymethyl cellulose. All four
glutathione S-transferases isolated have a molecular weight of
45,000 daltons and are dissociable into subunits of approximately
25,000 daltons. This basic scheme for purification with some
modifications has been employed by other investigators (Lee et al.,
1981). Three major forms of cytosolic glutathione S-transferase were
purified from liver of DBA/2J mice by CM-cellulose and hydroxyl-
apetite chromatographies. Their results suggest great species
variation regarding the multiple forms as well as the substrate
specificity of this family of enzymes. Other investigators such as
Asaoka and Takalashi (1983) purified GST from porcine brain. Four
enzyme fractions were obtained by column chromatography on CM-
cellulose and the principal enzyme fraction was purified to
homogeneity as judged by disc gel electrophoresis. The main enzyme
exhibited a molecular weight of about 43,000 on Sephadex G-150
chromatography.
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Recently, a more rapid method of purification of the enzyme was
developed by Radulovic and Kulkarni (1985). This is a routine high
performance liquid chromatography procedure. The human placental
transferase was used to assess its potential. The procedure is rapid
and resolution is achieved in less than 20 minutes, unlike conven¬
tional methods of purification.
Although soluble glutathione S-transferases have been purified
and characterized, rat liver microsomes have been shown to possess
glutathione S-transferase activity (Morgenstern ^ ^., 1982). The
enzyme was isolated by first activating it by treating the microsomes
with N-ethylmaleimide. After solubilization with Triton X-100 puri¬
fication of the enzyme was achieved by chromatography on hydroxyl-
appetite. After desalting on a Sephadex G-25 fine column, a 12-fold
purification was accomplished by chromatography on CM-sepharose.
A 30 to 40-fold increase in purification was obtained by this method.
This study revealed that in substrate specificity studies the micro¬
somal glutathione S-transferase was unrelated to the cytosolic
proteins catalyzing this same activity.
Glutathione S-transferases have basic isoelectric points, are
dimeric and have molecular weights of approximately 45,000 - 47,000
(Jakoby, 1976). The molecular weights of two subunits are 25,000
whether established by SDS gel electrophoresis or by sedimentation
equilibrium centrifugation (Habig ^ ^., 1974, Kamisaka et al.,
1975). The first electrophoretic variation in these enzymes was
discovered by Board (1980, 1981), who discovered an extensive
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polymorphism in human liver GST enzymes. Board proposed that two
polymorphic loci, GST and GST2 code for the most active liver enzymes
and that a non-polymorphic locus GST3 codes for the erythrocyte
enzyme. Using human/mouse somatic cell hybrids, Silberstein and
Shows (1982) demonstrated that the GST locus is on the 11th
chromosome.
The most convenient and sensitive assay for the glutathione
transferases is a spectrophotometric method developed by Habig ^ al.
(1974) using GSH and 1-chloro -2,4-dinitrobenzene as substrates. The
convenience of the assay is directly related to spectral changes that
accompany the conversion of the aromatic substrate to the glutathione
conjugate, changes that can be continuously measured in a spectro¬
photometer. In addition to spectrophotometric assays, titrimetric
methods are available for following the reaction of iodomethane with
reduced glutathione and radioactive substrates have been prepared for
assay of reactions with arene oxides (Hayakawa and Udenfriend, 1974;
James et al., 1976) trisubstituted phosphates (Hutson ^ al., 1972)
and disulfides (Keen and Jakoby, 1978).
Genetics
At the level of protein synthesis, the expression of genes coding
for rat liver glutathione S-transferases has been studied using in
vitro translation. Using a cell-free wheat-germ extract to carry out
translation. Poly (A) RNA was prepared from livers of both untreated
and phenobarbital-treated rats (Daniel e^ , 1977). The results of
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these studies suggest that GSH transferases synthesis was equal in
untreated and treated rats. However, Pickett ^ (1981) showed
increased rates of synthesis in preparations from phenobarbital-
induced animals. Also using either the wheat-germ or rabbit
reticulocyte lysate systems similar results were shown. The subunit
1 (Ya) was preferentially induced in the in vitro translation system.
In 1982 Pickett ^ ad deomnstrated that rats treated with 3-methyl-
cholanthrene induced subunit 1 of GSH transferase 1-2 by in vitro
translation.
In mice, a more than 20-fold increase in the synthesis of a
major GSH transferase (GT - 8.7) was found in liver extracts. The
administration of 2 (3)-tert-butyl-4-hydroxyanisole gave this most
profound effect of induction demonstrated by in vitro translation
(Pearson e^ al., 1983).
Distribution and Location
Studies of tissue GSH-transferase activity describe results
obtained using crude preparations. Enzyme activity is generally
greater in hepatic than in extrahepatic tissues (Booth ^ ,
1961). The GSH-transferases are located mainly in the cytosol.
Crude differential centrifugation experiments revealed that at least
80% of enzyme activity was present in the soluble supernatant
fraction of rat liver (Booth ^ al., 1961; Johnson, 1966). The
remaining activity was equally distributed among other subcellular
fractions. However, the more recent purification studies of Jakoby
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and colleagues (1976) clearly suggest that the GSH-transferases
are primarily present within the cytosol.
The liver has been the principal organ for the isolation of GSH-
transferases. However, enzyme activity has been examined in the
kidneys, lungs, intestines, and various other organs of rat liver
(Boyland and Chasseaud, 1968).
While induction has been studied mainly in mammals, such as
either the rat or mouse, it is not restricted to animal species. GSH
transferase in corn is inducible by chemicals used as antidotes to
certain herbicides, and the induction yields an isoenzyme that is
undetectable in untreated corn tissue (Mozer ^ ^., 1983).
Factors That Influence Cellular Levels of GST
Age
During the fetal or neonatal development, GSH-transferase
activity lower than in the maternal tissues (Klassen, 1975; Bend et
al., 1975; James et al., 1977). The limited available evidence
shows that human fetal (>14 weeks) and adult liver possess similar
GSH-transferase activity (Grover and Sims, 1964; Boyland and
Chasseaud, 1967).
Sex
Male and female rats have shown differences in hepatic and renal
GSH-transferase activity toward some substrates (Darby and Grundy,
1972; Kaplowitz et al., 1975; Hales and Neims, 1976). Male rat liver
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possessed more activity (up to 3-fold) toward certain subtrates than
female rat liver sources.
Xenobiotic Exposure
Glutathione S-transferase activity may be elevated by microsomal
drug-metabolizing enzyme inducers, such as phenobarbital, polycyclic
hydrocarbons, and certain organochlorine compounds. Mukhtar and
Bresnick (1976) showed that interperitoneal treatment of rats with
3-methylocholanthrene (20 mg/kg for 2 days) resulted in about a 50%
increase in hepatic GSH S-transferase activity toward styrene oxide
and 3-methylcholanthrene 11, 12 oxide. Rat liver GSH transferases
are less responsive to the inducing effects of phenobarbital than
those of mouse liver (Kulkarni et al., 1978). Thus it is possible





The animals used in these studies were purchased from the
Charles River Breeding Laboratories (Wilmington, MA). Animal diets
were purchased from Ralston Purina Co. (St. Louis, MO). Reduced
glutathione was obtained from Sigma Chemical Co. (St. Louis, MO).
The compounds l-chloro-2,4-dinitrobenzene and l,2-dichloro-4-nitro-
benzene were purchased from Aldrich Chemical Co. (Milwaukee, WI).
Methods
Female Sprague-Dawley rats (150-200g) were used for these
experiments. Four experimental groups were established, each con¬
taining nine rats. Each group was divided into three sub-groups
containing three rats each. For the antioxidant treatment, the rats
were placed on test diets for two weeks that contained 0.75%
(w/w) of BHA. Carcinogen-treated rats were given 20 mg MC per kg
body weight (ip injection) for four consecutive days prior
to sacrifice. For combined treatment, rats were placed on the BHA
diet for ten days. They then received the MC treatment described
above while continuing on the BHA diet. The control group was
fed a test diet that contained no preservatives. All animals
were maintained on hardwood bedding, had access to food and water ad
libitum and were on a 12 hour light-dark cycle. A 24 hour starvation




At the end of the treatment periods, the animals were killed
with a guillotine. The livers of the animals in each subgroup
were pooled and 33% homogenates were prepared in 0.05M Tris-HCl,
pH 7.2, containing 0.15M KCl and 10% glycerol. The homogenates
were centrifuged at 9000 xg for 10 minutes. The resultant
supernatant was centrifuged at 105,000 xg for 90 minutes. The final
supernatant was divided into 0.5 ml aliquots and stored at -80°C
until needed. The microsomal pellet was washed in O.IM
sodium pyrophosphate, re-suspended in 0.05M Tris - HCl, pH 7.2,
containing 20% glycerol and ImM EDTA, aliquoted and stored at
-80°C for use in other experiments.
Enzyme Assays
Glutathione S-transferase activities were measured by the
spectrophotometric methods of Habig ^ ad. (1974). The substrates
used were l-chloro-2,4-dinitrobenzene (CDNB) and 1,2-dichloro-4-nitrobenzene (DCNB). Each reaction mixture contained either ImM
CDNB or DCNB, ImM reduced glutathione, ImM KP04, pH 6.5 and 0.2 mg
protein in a final volume of 3.0ml. A Beckman DU-8 spectrophotometer
equipped with a kinetics compuset was used. The cuvette chamber was
thermostatted at 25 C.
Purification of Glutathione S-transferases
Purification of multiple forms of rat liver glutathione5-transferases followed the procedure of Habig ^ (1974). The
105,000 xg supernatant was passed through a DEAE-cellulose column
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(1 X 10 cm) which had been equilibrated with lOniM Tris-HCl,
pH 8.0 (Buffer A). Fractions containing transferase activity
were pooled. The protein was then precipitated with ammonium
sulfate (600g/liter). After 30 minutes of gentle stirring, the
precipitated protein was collected by centrifugation at 27,000 xg for
10 minutes. The pellet was redissolved in 2ml of lOmM potassium phos¬
phate, pH 6.5, containing ImM EDTA (Buffer B).
After overnight dialysis against 1 liter of Buffer B at 4° C
followed by centrifugation to remove the insoluble protein
(denatured), the clear supernatant was loaded onto a CM-cellulose
column (1 X 10 cm) equilibrated with Buffer B. The proteins were
eluted with a step gradient of 0, 50, 100 and 150 mM KCl in Buffer B.
SDS-Polyacrylamide Gel Electrophoresis
Carboxyraethyl (CM) cellulose column eluates from the different
treatment groups containing glutathione S-transferase activity were
analyzed using a 10% sodium-dodecyl sulphate (SDS) polyacrylamide
gel. The gel and the samples (25 jug of protein) were prepared
according to the protocol described by Laemmli (1970). Using a
Protean II gel apparatus, the samples were electrophoresed for 18
hours at 3 milliamps per slot. Staining and destaining of the gels
followed the procedure by Laemmli (1970). Glutathione S-transferase




Glutathione S-transferase Induction Studies
Female Sprague-Dawley Rats (150-200g) were treated with the
xenobiotic 3-methylcholanthrene (MC), butylated hydroxyanisole (BHA)
and the combination of BHA+MC to induce glutathione S-transferase
(GST) activity. It was found that all treatments significantly
increased hepatic transferase activity toward the substrate
l-chloro-2,4-dinitrobenzene (CDNB). When the substrate 1,2-dichloro-
4-nitrobenzene was used, only the enzymes from animals treated with
butylated hydroxyanisole . (BHA) or butylated hydroxyanisole and
3-methylcholanthrene (BHA + MC) gave significant responses over
the control values (Table I). The value for BHA + MC is nearly equal
to the sum of the values obtained with each treatment alone. When
DCNB was used as the substrate, BHA + MC gave a nearly additive
value of the BHA and MC results. A graphic depiction of these
results is shown in Figure 1.
Kinetic Analysis
Figures 2-5 are depictions of the kinetic analysis of each
enzyme preparation, using CDNB as the substrate. Table II summarizes
the Km and Vmax values obtained with each preparation. In summary,
only the treatments MC and BHA + MC caused a significant decrease
in Km when compared to the control. The reaction catalyzed by the




Table I. Comparison of Glutathione S-Transferase Activity in the




None 417 ± 15 170 ± 29
MC 643 ± 35* 189 ± 31
BHA 699 ± 16* 324 ± 17*
BHA + MC 1164 ± 82* 467 ± 22*
Specific activity is expressed as nmol product/min/mg protein. The
values presented represent the mean of three individual determina¬
tions.












Table II. Kinetic Parameters of the Hepatic Glutathione S-Transferase
from Treated and Untreated Rats
Treatment Km(mM) Vmax
None 1.779 ± 0.57 0.740 ± 0.18
MC 0.622 ± 0.16 0.639 ± 0.06
BHA 1.131 ± 0.31 1.072 ± 0.15
BHA + MC 0.176 ± 0,06 0.827 ± 0.05
The Kinetic studies were done with CDNB concentrations ranging from
0.1 to Z.OmM. The data from these assays were analyzed and the kinetic
parameters calculated with the aid of the NIH PROPHET computer system.
Observations reported represent the mean of three independent trials
and the standard error of the mean (N = 3).
Figure 2: Lineweaver-Burke plot of the transferase kinetic
data using the 105,000 xg supernatant from
control rats as the source of enzyme.
The concentrations of the substrate CDNB used
ranged from 0.1 to 2.0 mM. The data were




Figure 3; ' Lineweaver-Burke plot of the transferase kinetic
data using the 105,000 xg supernatant from
BHA rats as the source of enzyme.
The concentrations of the substrate CDNB used
ranged from 0.1 to 2.0 mM. The data were analyzed
with the aid of the NIH PROPHET computer system.
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Figure 4: Lineweaver-Burke plot of the transferase kinetic
data using the 105,000 xg supernatant from
MC rats as the source of enzyme.
The concentrations of the substrate CDNB used
ranged from 0.1 to 2.0 mM. The data were analyzed
with the aid of the NIH PROPHET computer system.
21
Figure 5: Lineweaver-Burke plot of the transferase kinetic
data using the 105,000 xg supernatant from
BHA + MC rats as the source of enzyme.
The concentrations of the substrate CDNB used
ranged from 0.1 to 2.0 mM. The data were analyzed









Purification of glutathione S-transferease from rat liver
followed the procedure listed in Materials and Methods. DEAE
cellulose chromatography of 105,000xg supernatant from control, BHA,
MC and BHA+MC rat liver supernatant revealed similar results.
Greater than 90% of the transferase activity was not absorbed and
appeared immediately after the void volume for each group.
After overnight dialysis, the clear supernatants from each group
were loaded on separate CM-cellulose columns (IX 10cm) that had been
equilibrated with Buffer B. After loading, the proteins were eluted
with a step salt gradient of (0, 50, 100 and 150 mM KCl) in Buffer B.
Each treatment group revealed basically the same chromotographic
profiles with slight variations in width and height of each peak
(Figures 6-9). The 50mM KCl protein peak for each treatment group
contained glutathoine S-transferase activity.
SDS-Polyacrylamide Gel Electrophoresis
Electrophoretic analysis of the first peak from each CM-column
(the one with the highest specific activity in each treatment)
revealed that each preparation contained proteins within the subunit
molecular weight range (25K - 27K) as the glutathione S-transferase
(Figure 10). Analysis of the SDS gel profiles show that the inducers
BHA and BHA + MC appear to substantially increase the amount of this
protein.
Figure 6: CM-cellulose chromatography of the hepatic
enzyme preparation from control rats.
The dimensions of the column were 0.7 X 10 cm.
The arrows indicate the starting points for each
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Figure 7; CM-cellulose chromatography of the hepatic
enzyme preparation from BHA rats.
The dimensions of the column were 0.7 X 10 cm.
The arrows indicate the starting points for each




Figure 8: CM-cellulose chromatography of the hepatic
enzyme preparation from MC rats.
The dimensions of the colvunn were 0.7 X 10 cm.
The arrows indicate the starting points for each




Figure 9: CM-cellulose chromatography of the hepatic
enzyme preparation from BHA + MC rats.
The dimensions of the column were 0.7 X 10 cm.
The arrows indicate the starting points for each
step of the KCl gradient.
Absorbance
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Figure 10: SDS polyacrylamide gel electrophoresis of the
50 mM KCl peak from each CM cellulose chroma¬
tography profile.
25 ^g of protein from each peak was electro-
phoresed on a 10% gel.




Lane 5: Molecular Weight Standards
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CHAPTER V
DISCUSSION
Glutathione S-transferases are enzymes that are very helpful in
the metabolism of carcinogens, mutagens and drugs. Also, they
represent one of the body's most important defense mechanisms against
endogenously generated electrophilic metabolites by preventing these
intermediates from possible interaction with macromolecules (Smith e^
al., 1977). The glutathione S-transferases appear to play an
important role in the nonenzymatic binding and storage of a large
number of hydrophobic compounds such as bilirubin and azodye carcino¬
gens, in addition to their catalytic functions (Ketley ^ , 1975;
Wolkof f ^ , 1978).
Isoenzymes of GSH transferase in an organism are a prominent
feature in the occurrence of the enzyme. The foundation of such
variety has, in most cases, been based on both chromatographic and
electrophoretic separations combined with measurements of activity
using l-chloro-2,4-dinitrobenzene (CDNB) as the electrophilic
substrate. This compound has been used as a "general substrate" for
GSH transferases (Clark et al., 1973) in recognizing the numerous
isoenzymes in various sources. However, some enzyme forms show low
specific activity with CDNB, and the exclusive use of this substrate
may interfere in the detection of some isoenzymes that exist.
Multiple forms of GSH transferase have been identified in vari¬
ous animal species (Habig^^l., 1974). However, the most intensely
studied species are both the rat and man. The existence of several
isoenzymes probably suggests an important biological feature. If
29
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detoxification is the major role of the GSH transferase, multiple
forms may afford a broader coverage of possible substrates than
could be achieved with a single enzyme form (Habig ^ , 1974).
Pickett ^ (1981) demonstrated that 3-methylcholanthrene and
phenobarbital causes the induction of mRNA for the synthesis of
glutathione S-transferase B.
This investigation was conducted to observe whether the
increased enzyme levels induced by BHA are significantly different
from changes induced by 3-methylcholanthrene to account for the
protective effect of BHA against tumor formation. A comparison of
the extent of induction of hepatic GSH-transferases in female
Sprague-Dawley rats by MC, BHA and the combined inducers BHA +
MC was observed and whether different forms exist for the two
treatments.
The results of this study (Table I) indicate that in female
Sprague-Dawley rats the BHA induces the transferase activity respon¬
sible for the conjugation of both l-chloro-2,4-dinitrobenzene (CDNB)
and 1,2-dichloronitrobenzene (DCNB). The MC stimulates the activity
toward CDNB but shows no enhancement of activity toward DCNB. How¬
ever, treatment of the rats with BHA + MC results in nearly additive
transferase activity when either substrate is used compared to the
values of BHA and MC alone. This difference in activity profiles can
be readily seen in Figure 1. The additive response seen with the
combined inducers suggests that these two compounds may use different
mechanisms to stimulate this activity, possibly the activation of two
different genes. This response could also be due to the overlapping
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substrate specificity of the BHA and MC induced forms, since it has
been shown that each form of the transferase isolated to date
exhibits some overlap of substrate specificity (Pabst ,
1974).
The differences in the transferase activity induced by each
treatment are also seen in the kinetic data obtained (Table II). The
Km for the transferase from untreated rats is 1.77mM, which is in
good agreement with the value obtained for this enzyme from male
Sprague-Dawley rats (James et al., 1976; Hook and Bend, 1976). Only
the treatments MC and BHA + MC resulted in a substantial lowering of
the Km value, which may suggest that the induced forms of the enzyme
have a greater affinity for the substrate CDNB than form(s) found in
the non-induced or the BHA-treated animals.
The Vmax of the conjugation reactions for the enzyme prepara¬
tions from the BHA treatment group differs significantly from the
control value. The treatments BHA and BHA + MC resulting in
increases in Vmax of 45% and 12%, respectively. The MC enzyme
resulted in a 14% decrease in Vmax. The Vmax for the combined
treatment BHA + MC is intermediate to the values for BHA and MC
alone. Baars ^ (1978) found that MC treatment of male Wistar
rats resulted in a 66% increase in the Vmax for this reaction and no
change in the Km from that of the enzyme from untreated rats. The
discrepancy between their work and the present investigator’s may be
due to the difference in the sex of the animals used for the two
studies.
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Partial purification of MC, BHA, and BHA + MC induced
glutathione S-transferase has been achieved by ammonium sulfate
precipitation and ion exchange chromatography. Each sample showed
similar protein profiles after purification using carboxymethyl
cellulose ion exchange chromatography. The chromatographic analysis
revealed 3 protein peaks that correspond with 50, 100, 150raM KCl
(step gradient). Only the 50 inM KCl protein peak for each treatment
exhibited transferase activity. This peak was then analyzed using
SDS polyacrylamide gel electrophoresis. The BHA and BHA+MC treatment
groups revealed substantial increases in the protein that migrated at
25K - 27K the reputed subunit molecular weight of the transferases,
than either the MC group or the control group.
In 1978, Bensen et al reported the GST activity was elevated in
mice treated with the antioxidants BHA and ethoxyquin. Also, Watten-
berg (1978) reported that BHA inhibits chemical carcinogenisis in
various tissues of many species. From the results obtained in our
study, we suggest that perhaps BHA induces a different form of the
transferase having the same molecular weight than the one induced by
MC, based on the substrate specificity and enzyme kinetic results.
We also conclude that BHA induces more transferase than either MC or
control as can be seen from the gel studies. These two events,
induction of a different form of transferase and an increase in
the cellular concentration of transferase, may contribute to
BHA's protective effect against certain forms of chemical
carcinogenesis.
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